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Introduction: The Diviner imaging radiometer ex-

periment aboard the Lunar Reconnaissance Orbiter has 
revealed that surface temperatures in parts of the lunar 
polar regions are among the lowest in the solar system.  
Moreover, modeling of these Diviner data using realis-
tic thermal conductivity profiles for lunar regolith and 
topography-based illumination has been done, with 
surprising results.  Large expanses of circum-polar 
terrain appear to have near-subsurface temperatures 
well below 110K, despite receiving episodic low-angle 
solar illumination [Paige et al., 2010].  As can be seen 
by the depth-to-permafrost maps in Figure 1, these 
subsurface cold traps could provide areally extensive 
reservoirs of volatiles. 

Here we examine the limits to abundance and bur-
ial depth of putative volatiles, based on the signature 
they would create for orbital thermal and epithermal 
neutrons. Epithermals alone are not sufficient to break 
the abundance-depth ambiguity, while thermal neu-
trons provide an independent constraint on the prob-
lem.  The subsurface cold traps are so large that even 
modest abundances, well below that inferred from 
LCROSS observations, would produce readily detect-
able signatures in the Lunar Prospector neutron spec-
trometer data [Colaprete et al., 2010].  Specifically, we 
forward-model the thermal and epithermal neutron 
leakage flux that would be observed for various ice 
concentrations, given the depth of ice stability.   

Previous Results and Modeling: The LCROSS 
results point to a water-equivalent hydrogen abundance 
(WEH) of 5 -10 wt%, when all hydrogenous species 
are added together (except for H2, detected by LAMP 
on LRO [Gladstone et al., 2010]).  When such an ice 
abundance is placed in a layer below the stability depth 
of Paige et al., the epithermal and thermal neutron 
leakage fluxes are greatly reduced and very much at 
odds with orbital observations.  However, burial of ice-
bearing materials under dry regolith can mute these 
neutron signatures.  Clearly an environment that is 
conducive to cold trapping is necessary but not suffi-
cient for the near-surface presence of volatiles such as 
water, or else we would observe very large reductions 
in epithermal neutron flux from orbit. 

We begin the forward modeling process with a 
modest abundance, 1 wt% WEH, assumed to be a 
semi-infinite layer under otherwise dry regolith.  The 
depth is set by the thermal modeling of [1].  Even 1 
wt% would produce much deeper epithermal neutron 
reductions than are observed.  Thus, not all regions of 
shallow ice stability contain significant amounts of ice.   

References: [1] Paige, D. A. et al, (2010), Science, 
DOI:10.1126/science.1187726, [2] Colaprete, A. et al., 
(2010) Science, DOI: 10.1126/science.1186986, [3] 
Gladstone, R. et al., (2010) Science, DOI: 
10.1126/science.1186474 

 

 

 
Fig. 1. Depth to the ice stability criterion of 1 mm/Ga 
sublimation loss. (top) North Pole, (bottom) South Pole. 
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South	  Pole	  depth	  to	  Ice	  from	  Diviner	  (1km/pixel	  	  	  	  	  	  	  	  	  	  	  	  
Paige	  et	  al.,	  Science	  2010)	  	  

•  Ice	  Deposits	  have	  been	  
detected	  throughout	  the	  
Lunar	  Poles	  	  

•  Ice	  concentrates	  in	  the	  
near	  surface	  around	  
permanently	  shadowed	  
craters.	  	  	  

•  Detailed	  surface	  
mapping	  required	  for	  
human	  use.	  	  m	  

m	  



RPM	  Mission	  Op;ons	  –	  	  
No;onal	  Traverse	  

Resource	  Prospector-‐	  Expedi-on	  1	  (RP)	  

RP	  Rover	  Key	  
Instruments:	  
-‐  Drill	  
-‐  VNIR	  Spectrometer	  
-‐  Neutron	  

Spectrometer	  	  	  
	  	  



What	  do	  we	  need	  to	  know?	  

•  How	  do	  you	  map	  a	  
hydra-on	  distribu-on	  
with	  a	  single	  traverse?	  

•  How	  do	  you	  combine	  
neutron	  and	  spectral	  
data	  to	  detect	  
hydra-on?	  

•  How	  do	  you	  maximize	  
roving?	  
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July	  2012	  Field	  Campaign	  (Hawaii)	  
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NS:	  bulk	  water	  

NIR:	  surface-‐bound	  water	  

Surface-‐bound	  and	  bulk	  water	  
Surface-‐bound	  water	  only	  
Bulk	  water	  only	  

July	  2012	  Field	  Campaign	  (Hawaii)	  



Project	  overview	  &	  goals	  
•  Goal	  1:	  Mature	  the	  NIRVSS	  and	  Hydra	  prospec-ng	  
opera-ons	  concept	  through	  integra-on	  and	  robo-c	  
field	  tes-ng	  in	  na-ve	  soils	  in	  a	  lunar	  analog	  seing.	  

•  Goal	  2:	  Improve	  and	  mature	  xGDS	  real-‐-me	  science	  
tools	  through	  analog	  science	  opera-ons	  in	  a	  natural	  
seing	  where	  the	  abundance	  and	  distribu-on	  of	  water	  
is	  not	  known	  a	  priori.	  	  

•  Goal	  3:	  Conduct	  a	  scien-fic	  inves-ga-on	  of	  water	  
content	  in	  the	  Mojave	  Desert	  by	  mapping	  na-ve	  water	  
distribu-on	  and	  variability	  in	  abundances	  similar	  to	  
lunar	  polar	  vola-les	  as	  a	  realis-c	  analog	  to	  robo-c	  
mapping	  at	  the	  lunar	  poles.	  

Mojave	  Field	  Campaign	  (Oct.	  2014)	  
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•  Science	  Goal:	  Understand	  H2O	  emplacement,	  
reten-on,	  and	  distribu-on	  in	  Mojave	  Desert.	  

Mojave	  Field	  Campaign	  (Oct.	  2014)	  
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Mojave	  Desert	  
�  Field	  site	  =	  Alluvial	  Fan	  
�  Eleva-on	  ~	  450	  m	  
�  Climate	  =	  arid	  (12-‐25	  cm	  

mean	  annual	  precipita-on)	  &	  
hot	  (16-‐18C	  mean	  annual	  
temperature)	  

�  Located	  14	  km	  SW	  	  of	  Baker,	  
CA	  and	  180	  km	  NE	  of	  Los	  
Angeles,	  CA.	  
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•  Science	  Goal:	  Understand	  H2O	  emplacement,	  
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Mapping	  of	  soil	  clast	  cover	  in	  Mojave	  Na3onal	  
Preserve.	  	  The	  close	  proximity	  of	  various	  surface	  types	  
in	  this	  region	  helps	  ensure	  we	  will	  traverse	  mul3ple	  
types	  of	  ground	  cover	  during	  the	  field	  test.	  From	  Wood	  
et	  al.	  2002.	  
	  

Lunar	  analog	  
	  

Both	  Moon	  &	  Mojave	  =	  low,	  
naturally	  occurring	  water	  
abundance	  in	  an	  arid	  

environment.	  
	  
Water	  abundances:	  
LCROSS	  (Moon):	  	  ~5-‐6	  wt	  %	  
Sahara	  Desert	  (Earth):	  	  2-‐3	  wt	  %	  
Mojave	  Desert	  (Earth):	  2-‐6	  wt	  %	  

Mojave	  Field	  Campaign	  (Oct.	  2014)	  



Mojave	  Field	  Site	  

High	  Res	  Worldview	  ~1m/pixel	  –	  LROC	  analog	  



Mojave	  Field	  Site	  

Hyperion	  VNIR	  Hyperspectral	  30m/pixel	  degraded	  to	  140m/pixel	  -‐	  M3	  



Mojave	  Field	  Site	  



Total	  distance	  is	  ~7	  x	  200m	  =	  ~1400	  m	  
No-‐stop	  traverse	  -me	  at	  10	  cm/sec	  =	  ~4	  hrs	  

No-onal	  Day	  1	  Traverse	  for	  MVP	  Planning	  Purposes	  

This	  path	  has	  two	  objec-ves:	  
1.  Measure	  transverse	  

varia-ons	  across	  the	  
dark	  “pavement”	  areas	  
and	  intervening	  
“washes”.	  

2.  Measure	  down-‐slope	  
varia-ons	  along	  
“pavement”	  areas	  

Sun	  posi-on:	  
•  would	  like	  to	  keep	  angle	  between	  sun	  

and	  rover	  ~constant	  for	  long	  traverses	  
•  On	  each	  surface	  “type”,	  would	  like	  to	  

sample	  several	  solar	  phase	  angles	  
(maybe	  every	  45	  degrees)	  
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Mojave	  Analog	  
Ques-ons	  

Apollo	  17	  EVA	  2	  Sta-on	  3	  

Mojave	  Desert	  


